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© Electromagnetic wave fault prevention cable. 

© A shield cable, comprising a conductor, a cover- 
ing insulation layer formed around an outer periph- 
ery of said conductor, and an electrically conductive 
resin layer being disposed around said outer periph- 
ery of said conductor and inside said insulation 
layer, said resin layer having a volume resistivity of 
10 -3 to 10 5 cm. The electrically conductive resin 
layer includes vapor phase-growing carbon fiber and 
graphitized carbon fiber made of said vapor phase- 
growing carbon fiber, and prevents high frequency 
interference due to resonance and/or electromag- 
netic induction. 


FIG. 1 


EP 0 596 869 A2 


2 


BACKGR OUND OF THE INVENTION 

This invention relates to an electromagnetic 
interference prevention cable. More specifically, a 
high-frequency interference prevention and/or elec- 
tromagnetic wave induction prevention wire is used 
for electrical connection of an electronic device 
such as an audio device and an office automatic 
device. 

In conventional electromagnetic and high-fre- 
quency circuits, various kinds of shield cables and 
shield plates have been used in order to prevent 
malfunction due to noise produced from such cir- 

In the conventional high-frequency interference 
prevention, a static coupling and an electromag- 
netic coupling between the wires is interrupted by 
a shield cable or a shield plate, thereby removing 
unnecessary oscillation. 

However, such method requires a highly tech- 
nical layout of shield cables and shield plates, and 
can not actually be achieved easily. 

In recent years, computer control for electric 
devices and electric products has remarkably in- 
creased. Electronic circuits of such devices have 
been highly integrated, and current flowing through 
elements have been microscopic, and there has 
arisen a problem that malfunction of the device 
may occur due to induction between wires of a 
wiring bundle. 

On the other hand, the products have become 
compact and lightweight, and also the space-saving 
and lightweight design of the wiring has been 
strongly desired. 

There is also known a shield cable having an 
electrically-conductive resin. 

EP-A 2-0279985 discloses an electrically con- 
ductive thermoplastic resin composition which is 
used for sheilding cables from electromagnetic in- 
terference. This composition comprises a thermo- 
plastic resin as a major component and carbon 
fiber as a minor component, the fiber comprising 
no more than 8% by volume of the composition. 
The composition is prepared by dry mixing the 
ingredients to room temperature in a suitable ves- 
sel, extruding them through a die so as to form a 
molten stream of masticated resin having the fiber 
distributed therein and are then formed to a de- 
sired article. The thus generated electrically con- 
ductive resin has a resistivity between 1 and 500 n 
cm. 

However, since high electrical conductivity can 
not be obtained, a practical use of this resin is 
difficult. Therefore, a metal braid or a metal foil is 
in practical use. However, the metal braid must 
have a high braid density, and therefore tends to 
be heavy and expensive. The metal foil lacks in 
flexibility, and becomes deteriorated due to corro- 


sion, thus failing to provide sufficient durability. 
Thus, these problems have been encountered. 

Also, there are commercially available shield 
cables in which metal foil, a metal braid or an 

5 electrically-conductive resin is provided, as an 
electrically-conductive layer, around a conductor 
insulator or a bundle of wires (Japanese Patent 
Application Unexamined Publication No. Sho. 64- 
38909). However, each of all the wires is formed 

10 into a shield wire, the wiring bundle has much 
space loss because of the circular cross-section of 
the wire. Thus, it is not suited for the space-saving 
purpose. Further, for connecting the electrically- 
conductive layer to the earth, a manual operation is 

15 required for separating the electrically-conductive 
layer from the internal conductor, and and therefore 
the wiring can not be automated. 

Further, the type which uses metal as the 
shielding electrically-conductive layer has a prob- 

20 lem that it is heavy and inferior in durability. 

SUMMARY OF THE IN VEN TION 

With the above problems in view, it is the 
25 object of this invention to provide a high- 
frequenecy interference prevention wire designed 
to be used in a high-frequency circuit and in the 
presence of electromagnetic wave, which elimi- 
nates resonance due to interference between wires 
30 without the need for any high layout technique, 
thereby preventing malfunction of the circuit. 

This object is achieved by the characterizing 
features of claim 1 . 

According to the present invention, there is 
35 provided a high-frequency interference prevention 
cable with an electrically-conductive resin layer 
having a volume resistivity of 10 -3 to 10 5 Q cm 
provided between a conductor and a covering in- 
sulation layer. 

40 A further embodiment of the invention is in- 

dicated in the appended sub-claim. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 Figs. 1 and 2 are perspective views of high- 
frequency interference prevention cables of the 
present invention, respectively; 
Fig. 3 is a view showing a device for measuring 
an interference prevention effect of the above 

so cables; 

Fig. 4 is a graph showing high-frequency inter- 
ference prevention characteristics of Examples 1 
and 2 and Comparative Examples 1 and 2; 
Fig. 5 is a view showing principle of the opera- 

55 tion of a conventional cable; 

Fig. 6 is a view showing principle of the opera- 
tion of the cable of the present invention; 
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■DESCRIPTION OF THE PREFERRED EMBODI- 
M ENTS OF THE INV ENT ION 

The invention will now be described in detail 
with reference to the drawings. 

Fig. 1 shows a high-frequency interference pre- 
vention cable A in which an electrically-conductive 
resin layer 2 is provided around an outer periphery 
of a conductor 1 , and a covering insulation layer 3 
is provided around the layer 2. 

In a high-frequency interference prevention ca- 
ble A' shown in Fig.2, an inner insulation layer 4 
and a shield layer 5 composed of a metal braid (or 
metal foil) are provided between a conductor 1 and 
an electrically-conductive resin layer 2. The shield 
layer 5 functions to prevent an electromagnetic 
wave induction. 

The electrically-conductive resin layer 2 is 
made of an electrically-conductive resin having a 
volume resistivity of 10~ 3 to 10 s fi cm, and prefer- 
ably 1CT 3 to 10 2 0 cm. 

The compositions of a matrix, an electrical con- 
ductivity-imparting material and the other additives 
of this electrically-conductive resin are not particu- 
larly limited. For example, as the matrix, there can 
be used a thermoplastic resin such as PE, PP, EVA 
and PVC, a thermosetting resin such as an epoxy 
or a phenolic resin, rubber such as silicone rubber, 
EPDM, CR and fluororubber, or a styrene-type or 
an olefin-type thermoplastic elastomer or ultraviolet 
curing resin. One or more of a metal powder, metal 
fiber, carbon black, PAN-type carbon fiber, pitch- 
type carbon fiber, vapor phase-growing carbon fi- 
ber, graphitized carbon fiber and metal-plated one 
of these carbon fibers is combined, as the elec- 
trical conductivity-imparting material, with the ma- 
trix to produce the electrically-conductive resin 
having a desired volume resistivity. Additives such 
as a process aid, a filler and a reinforcing agent 
can be added. 

For example, for producing the electrically-con- 
ductive resin, 20 to 160 parts by weight of 
graphitized vapor phase-growing fiber, pulverized 
into a length of 0.1 to 50 Urn, is added to 100 parts 
by weight of ethylene vinyl acetate resin constitut- 
ing the matrix, and these are kneaded by a blender 
such as a pressure kneader, a Henschel mixer and 
a double-screw mixer, and according to an ordinary 
procedure, the mixture is extrusion-molded to pro- 
duce a highly electrically conductive resin having a 
volume resistivity of 10 3 to 10 -3 0 cm. 

The electrically-conductive resin thus obtained 
is coated onto the conductor 1 or the shield layer 5 
(Fig. 2) by a known method such as extrusion. By 
doing so, advantageous effects of the present in- 
vention can be obtained. 

Fig. 5 shows an electric loop P produced when 
using a conventional cable a. In order to eliminate 


this loop, various layouts have been tried as de- 
scribed above. In this Figure, reference character L 
denotes a reactance of a wire, and reference nu- 
meral C denotes a capacitance between the wires 

5 and a capacitance between the wire and the earth. 

Fig. 6 shows an electric loop P' obtained when 
using the cable of the present invention having an 
electrically-conductive resin layer with a volume 
resistivity of 10~ 3 to 10 s fi cm. R (resistor) is 

io inserted in the closed loop, so that the circuit 
current is attenuated, thereby reducing the reso- 
nance. 

Thus, in the high-frequency interference pre- 
vention cable of the present invention, R is natu- 

15 rally inserted in the electric loop (resonance circuit) 
produced when using the conventional cable. 
Therefore, the resonance due to the wiring in the 
high-frequency circuit as well as the leakage of the 
high frequency is prevented. 

20 For preventing the electromagnetic induction, 

the shield layer is provided on the cable, as de- 
scribed above. 

Comparative Example 1 

25 

An ordinary wire, having a copper conductor 
(the cross-sectional area of which was 0.5mm 2 ) and 
an insulation coating (polyvinyl chloride) with an 
outer diameter of 1 .6mm) coated on the conductor, 
30 was used as a standard sample. 

Example 1 

An electrically-conductive resin having a vol- 
35 ume resistivity of 10°ncm was coated on a copper 
conductor (the cross-sectional area of which was 
0.5mm 2 ) to form a 0.4mm-thick resin coating there- 
on. Then, PVC was coated on the resin coating to 
form thereon a PVC layer 2.4mm in outer diameter, 
40 thereby preparing a high-frequency interference 
prevention wire (measuring sample) as shown in 
Fig. 1. 

The above standard sample and the above 
measuring sample were separately set in a central 

45 portion of a copper pipe 6 (inner diameter: 10mm; 
length: 100cm) of a measuring device B shown in 
Fig. 3, and a high-frequency interference preven- 
tion effect (interference with the copper pipe) was 
measured. In this Figure, reference numeral 7 de- 

50 notes a FET probe, and reference numeral 8 de- 
notes a spectrum analyzer. 

Referring to the measuring method, in the 
above device B, the components of the frequency, 
produced in the sample by the induction when an 

55 electrical field was applied to the copper pipe, were 
analyzed by the spectrum analyzer. The standard 
sample with no shield was first measured, and then 
the measuring sample was set in the device, and 
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one end of the shield layer was grounded, and the 
measuring sample was measured. 

The measurement results of the two cables are 
indicated respectively by a curve a (Comparative 
Example 1) and a curve b (Example 1) in Fig. 4. 

Comparativ e Example 2 

An insulation coating (PVC) having an outer 
diameter of 1.6 <£> mm was formed on a copper 
conductor having a cross-sectional area of 0.5 
mm 2 , and a metal braid was provided on the in- 
sulation coating to form a shield structure (outer 
diameter: 2.1 <j> mm) thereon. Then, a covering 
insulation layer (PVC) was formed on the shield 
structure to prepare a shield cable having an outer 
diameter of 2.9 4> mm. 

Example 2 

An electrically-conductive resin was coated on 
the shield braid of Comparative Example 2 to form 
thereon an electrically-conductive resin layer hav- 
ing a thickness of 0.4mm and a volume resistivity 
of 10° fi cm, thereby preparing a high-frequency 
interference prevention cable as shown in Fig. 2 

A high-frequency interference prevention effect 
was measured with respect to the above two ca- 
bles in the same manner as described above. The 
results thereof are indicated by a curve c - 
(Comparative Example 2) and a curve d (Example 
2) in Fig. 4. 

As is clear from Fig. 4, with respect to Com- 
parative Example 1 (curve a), the cable resonated 
with the copper pipe, and a large interference due 
to induction is recognized. However, with respect to 
Example 1 (curve b), it will be appreciated that this 
interference is greatly reduced. 

Similarly, in Comparative Example 2 (curve c), 
better electromagnetic wave induction prevention 
effect than that of Comparative Example 1 (curve a) 
is obtained, but the cable resonated with the cop- 
per pipe, and a large interference is recognized. In 
Example 2 (curve d), the interference is greatly 
reduced. 

As described above, by using the high-fre- 
quency interference prevention cable of the present 
invention, the interference due to the resonance in 
the high-frequency circuit can be prevented, and 
the use of the conventional shield plate and the 
difficulty of the layout are omitted, thereby achiev- 
ing the space-saving. 

Further, by addition of the shield layer, the 
electromagnetic wave induction can be prevented 
at the same time, thereby eliminating malfunction 
of the circuit. 

If the electrical conductivity-imparting material 
of the electrically-conductive resin is of the carbon 
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type, the cable is lightweight, and excellent corro-. 
sion resistance is achieved. 

Claims 

1. A shield cable comprising: 
a conductor (1 ); 

a covering insulation layer (3) formed around 
an outer periphery of sard conductor (1), and 
w an electrically conductive resin layer (2) which 

is provided around said outer periphery of said 
conductor (1) inside said insulation layer (3), 
characterized in that 

said electrically conductive resin layer (2) has 
15 a volume resistivity of 10 -3 to I0 5 !?cm and 

includes vapor phase-growing carbon fiber and 
graphitized carbon fiber made of said vapor 
phase-growing carbon fiber, said electrically 
conductive resin layer (2) preventing high-fre- 
20 quency interference due to resonance and/or 

electromagnetic induction. 

2. A shield cable as claimed in claim 1, 
characterized in that 

25 an inner insulation layer (4) and a shield layer 

(5) are provided between said conductor (1) 
and said electrically conductive resin layer (2), 
said shield layer (5) being composed of a 
metal braid or a metal foil. 
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FIG 1 


FIG 2 
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a(COMPARATIVE EXAMPLE 1 ) 
b(EXAMPLE 1) 

c(COMPARATIVE EXAMPLE 2} 
d(EXAMPLE 2) 
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